10 LOG(N ) witha~0.7. The hydrophones were towed with a speed-to-wavelength ^^ -1 ratio of 0.168s at a depth of 26X. A calibrated moored source was at a depth 3 of 37X in 3200 m of water at distance-to-wavelength ratios between 20 and 30 10 from the receiver. The stable environment was characterized by a sound speed profile with a negative gradient of -0. otained by a moored sensor and a moving source for distances up to 508 km (R/X = 4 5 10 -10 ) at a frequency of 400 Hz. He was able to find a linear trend between the average phase and time for several intervals during which he speculated that apertures up to 900 m (240 L/X) could be formed. The effects of phase fluctuation and sensitivity of the technique to source-receiver motion were discussed by the author but were not incorporated into an estimate of coherent gain.
The motivation behind this paper was to investigate the use of synthetic aperture processing in the lower frequency range (<500 Hz) as a high resolution processing technique. The genesis of this work was in the earlier work by Yen on ambient noise directionality (1977, 62, #5) and on experimental data which I obtained at sea. This paper, although it confirms and demonstrates the conclusion of Fitzgerald and Williams, has the additional feature insofar as the synthetic aperture approach acts as a velocity filter and can resolve sources proportional to the number of time samples. The paper will present some simplified vugraphs on high resolution techniques to orient us on the same basis. Then the implementation of the technique will be presented, followed by experimental realization of the synthetic aperture. The ability to form a synthetic aperture In the deep ocean depends on the spatial coherence and statlonarlty of the signal field. Thus key questions can be posed concerning the formation of a synthetic aperture. Can the horizontal coherence length of the sound field be used to form a synthetic aperture with a towed hydrophone? Does such a synthetic aperture produce high angular resolution In a multlpath field? Can a simple processing technique be utilized to form a synthetic aperture?
These are the basic questions discussed in this paper. analysis. An alternative approach to the problem of noise rejection is to minimize the noise interference while keeping the maximum response in the signal direction, 13 thereby reducing the noise and enhancing the desired signal.
Several techniques 14 such as optimum beamforming, adaptive beamforming, superdirective arrays, minimum variance beamforming, maximum likelihood estimation have also been developed. For the application to line arrays these techniques have the drawback that they are sensitive to the type of noise interference and are computationally extensive, such as found in experimental data.
* .
An elegant approach adopted to describe the array's output is to express the measured Q results by a series of coherent components, eigenvalues or eigenvectors. These techniques are placed in the general category of orthogonal function representation.
These techniques have a problem, in some instances, in the interpretation of the results. In particular, the interpretation of the eigenvalues may be very difficult when one has a partially coherent noise field or a multipath signal field such as found in experimental data. B. Phase angle probability density distribution for a sine wave mixed with Gaussian noise.
Tlie problem of the determination of source direction from the measure of phase of a sinusoidal signal in a Gaussian background. Results of a synthetic aperture formed from sub-apertures with two hydrophone groups.
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A. The response of an array formed from four hydrophone groups (L^^/X = 1.2) shows no pronounced directional response.
The response of a synthetic aperture (L /X= 23) formed from sub-apertures with four hydrophone groups over 10 successive time frames shows source resolution.
-AO
The response of a synthetic aperture (L /X = 95) formed from sub-apertures with four hydrophone groups over 42 successive time frames shows both source direction and resolution of multipath arrivals, is also observed at 75 .
The aliased response
Results of a synthetic aperture formed from sub-apertures with four hydrophone groups> The response of an array formed from sixteen hydrophone groups (L /X= 5) over a single time frame. A broad maximum is observed in the direction of
The response of a synthetic aperture (L /X= 27) formed from sub-apertures with sixteen hydrophone groups over ten^'successive time intervals shows source resolution and no aliased response, but does not resolve multipaths,
The response of a synthetic aperture (L /X= 98) formed from sub-apertures with sixteen hydrophone groups over for!y-two successive time intervals shows source and multipath resolution.
Results for a synthetic aperture formed from sub-apertures with sixteen hydrophone groups, 
Bearing error for the Synthetic Results
Bearing error for the s}nithetlc aperture results
.
We have mentioned previously that an error in velocity causes a missteering and reduction in response to a given source. These effects are shown in this slide. The +10% error in velocity is seen to produce a reduced beam response which is missteered and reduced in amplitude. These results are obtained on the previously shown data set with a deliberate error introduced. Thus the velocity determines the response and acts as a filter. We have tuned this filter to our moored source based on the relative velocity and in so doing have "detuned" our system to other sources of acoustic energy with different velocities. This is the reason that we observe an increase in the peak-toside-lobe ratio as aliasing lobes were reduced. This paper has measured the "coherent" signal gain achievable with a synthetic aperture by comparison of beam signal levels between a conventional and synthetic beamformer.
A BASIS FOR SYNTHETIC APERTURE
The resolution, however, was simply determined from the synthetic-beam response to be ~58 /(L/\) for the previously mentioned statlonarlty requirements.
